Scattering by a single impurity introduced in a strongly correlated electronic system is studied by exact diagonalization of small clusters. It is shown that an inert site which is spinless and unable to accomodate holes can give rise to strong resonant scattering. A calculation of the local density of state reveals that, for increasing antiferromagnetic exchange coupling, d, s and p-wave symmetry bound states in which a mobile hole is trapped by the impurity potential induced by a local distortion of the antiferromagnetic background successively pull out from the continuum.
The nature of impurity scattering in the high-T c copper oxide superconductors is of particular interest for understanding their low-temperature transport properties. For example, recent experimental studies [1] have found that Zn impurities can change the low temperature dependence of the penetration depth from a linear to a quadratic temperature variation. A similar behavior is seen in the temperature dependence of the Knight shift [2] .
In addition, the transport lifetime observed in microwave surface resistance measurements is impurity limited at low temperatures [3] . It is believed that Zn goes into a planar Cu (2) site suppressing the local moment on its site. Theoretical calculations of various transport properties [4] [5] [6] have found that models which assume a d x 2 −y 2 gap with strong resonant impurity scattering provide a possible explanation for the experimental data. However, the origin of this resonant scattering remains an open question. In particular, is such resonant scattering by local defects a consequence of the strong correlations in the host system? Here we report the results of numerical calculations on a t-J model with an inert impurity. We find that an added hole can have boundstates of various symmetries as J/t increases. Thus as the host J/t ratio increases, a local inert impurity can give rise to strong resonant scattering. Now, as one knows, a local impurity introduced into a non-interacting electron system can give rise to boundstates [7] . Thus a single on-site repulsive (attractive) one-body impurity potential in a tight-binding lattice leads to a boundstate located in energy above (below) the band when the strength of the potential exceeds a critical value. In the calculations of transport properties, the effects of impurity scattering are often characterized by scattering phase shifts. For energies near a boundstate the phase shift approaches π/2 [8] and one has strong resonant scattering. In this case the nature of the scattering is directly related to the one-body impurity potential. Here we are interested in the problem of an impurity in a strongly interacting host. The central idea we would like to put forward in this paper is the fact that an impurity introduced in a strongly correlated ground state (GS) could behave quite differently from an impurity in a weakly interacting system. In the case of an on-site impurity potential in a tight binding lattice mentioned above, the interaction is spacially located at the perturbed site, and the resultant bound states can have only swave symmetry. However, in a many-body ground state like an antiferromagnet (AF), the antiferromagnetic correlations are slightly enhanced in the vicinity of a vacancy [9] , and thus the impurity produces a dynamic finite range potential. Bound states of various symmetries can then result as we shall show in this paper. Furthermore the occurance of these states depends upon the strength of the correlations in the host.
An inert site introduced in a two-dimensional AF background can be described by the following hamiltonian,
where the notations are standard and the prime means that the sum over the nearest neighbor links ij is restricted to the bonds not connected to the impurity site. Lanczos method. We will measure energies in unit of t.
Let us now formally construct the impurity state by removing a spin −σ 0 at site O from the AF and having the spin system relax around the impurity. The local hole density of states at a site i away from the impurity site is given by
0 . An equivalent expression for the local density of the pure AF system is obtained by replacing "imp" by "pure" and omitting σ 0 . In the pure case, an interesting structure appears at the bottom (top) of the upper (lower) Hubbard band with increasing coupling J. Indeed, recent exact calculations on various cluster sizes [10] have shown that a quasi-particle band of width ∼ J survive with increasing system size (see also Fig. 2f ). Our first motivation here is to investigate the influence of the impurity on this band structure.
At this stage it is useful to notice that the local density of states obeys the following sum rule,
where ... 0 stands for the expectation value in the AF GS. In the pure system, a small tunneling between the two Néel GS (for a finite system) leads to a zero expectation value of S and 1d with Fig. 2f reveals that some peaks lie below the bottom of the quasi-particle band of the pure system and are somehow disconnected from the band (at higher energy). These features do not appear on the A sites since the density for the up spins is low on these sites.
However, we note that these bound states are rather extented in space and clearly Fig. 2d shows that their wavefunctions are not just restricted to the nearest neighbor sites.
We have carefully studied the spin and the spatial symmetries of these bound states.
Actually, the local density of states is obtained by decomposing the local hole operator into The distribution of the hole charge density around the impurity gives useful insights about the bound state wave function. The charge density on some non-equivalent sites is shown in Fig. 4 for the lowest energy d-wave bound state as a function of J. Above ∼ J c , when binding sets in, the charge density becomes maximum on the nearest neighbor sites of the impurity. Hence, the hole wavefunction becomes localized around the impurity site. We also note that a significant hole density is present on the 4 sites at distance [15] D. Poilblanc, Phys. Rev. B, in press (1993).
FIGURE CAPTIONS

FIG. 1
Schematic picture of the A-B lattice around the impurity. A down spin removed at the impurity site leads to an excess 1/2 spin.
FIG. 2
Local density of state on various lattice sites at distances R i from the impurity site on 
FIG. 4
Hole density on the different non-equivalent 20-site cluster sites vs J. An extra hole has been introduced into the cluster in addition to the impurity.
